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1
IMAGE DETERMINING DEVICE TO
DETERMINE THE STATE OF A SUBJECT

TECHNICAL FIELD

The present invention relates to a security system using an
image determining device.

BACKGROUND ART

There have been video monitoring devices that were devel-
oped for capturing images of elderly people living alone with
a camera and determining presence or absence of a problem.
Also, to protect the privacy of a person to be imaged by a
camera, adding a mosaic pattern to each captured video image
has been suggested (Patent Document 1, for example).

PRIOR ART DOCUMENT
Patent Document

Patent Document 1: Japanese Unexamined Patent Applica-
tion Publication No. 2002-142214

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

However, a conventional video monitoring device con-
stantly captures images with a camera to detect a problem in
a subject person, and monitors the subject person with
another monitoring device. Therefore, complicated processes
need to be performed.

Means for Solving the Problems

Animage determining device of the present invention com-
prises: an imaging unit that captures an image from a first
direction, the image including a subject person; a first detec-
tor that detects size information from the image, the size
information being about the subject person in the first direc-
tion; a second detector that detects position-related informa-
tion, the position-related information being different from the
information detected by the first detector; and a determining
unit that determines a state of the subject person, based on a
result of the detection performed by the first detector and a
result of the detection performed by the second detector.

In this case, the second detector may detect position infor-
mation with respect to a second direction, the second direc-
tion being different from the first direction. In this case, the
second detector may detect position information about the
subject person or a location near the subject person in the
second direction. Also, the first detector may detect a size of
the head of the subject person, and the determining unit may
determine the state of the subject person by associating the
second-direction position information with the size of the
head of the subject person. Further, the image determining
device may further comprise a storage unit that stores a ref-
erence value for the size information, in accordance with the
second-direction position information.

Also, the image determining device of the present inven-
tion may be configured so that the first detector detects a size
of the head of the subject person. Also, the determining unit
may determine the state of the subject person, based on a
plurality of images captured at different times. Also, the
imaging unit may image the subject person at first predeter-
mined intervals, and, in accordance with a result of the deter-
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2

mination made by the determining unit, may image the sub-
ject person at second predetermined intervals, the second
predetermined intervals being shorter than the first predeter-
mined intervals. Further, the imaging unit may capture a still
image.

The image determining device of the present invention may
further comprise a determining sensor that determines
whether the subject person exists. In this case, the imaging
unit may perform the imaging in accordance with a result of
the determination made by the determining sensor.

The image determining device of the present invention may
further comprises a communicating unit that communicates
with another device. In this case, when the communicating
unit sends a result of the determination on the subject person
to the another device, the determining unit may prohibit at
least sending of the image captured at first predetermined
intervals. Also, in this case, the determining unit may deter-
mine whether to allow sending of the image captured at
second predetermined intervals, the second predetermined
intervals being shorter than the first predetermined intervals.

Also, the image determining device of the present inven-
tion may further comprise a second power source that is
different from a first power source supplying power to the
imaging unit.

Also, the image determining device of the present inven-
tion may be configured so that the second detector is arelative
position detector that detects information about a relative
position between the imaging unit and the subject person. In
this case, the imaging unit may include an optical system, and
the relative position detector detects information about a rela-
tive position between the optical system and the subject per-
son. Also, the relative position detector may detect an antici-
pated angle of the optical system with respect to the subject
person. Further, the imaging unit may include an imaging
element, and the relative position detector may detect the
information about the relative position between the imaging
unit and the subject person, based on a position of an image of
the subject person captured by the imaging element.

The image determining device of the present invention may
further comprise a correcting unit that corrects the size infor-
mation about the subject person detected by the first detector,
in accordance with a result of the detection performed by the
relative position detector. Also, the image determining may
be configured so that the imaging unit images a structural
object and the subject person, and based on the imaged struc-
tural object and the imaged subject person, the determining
unit determines the state of the subject person.

An image determining device of the present invention com-
prises: an imaging unit that captures an image from a first
direction; an acquiring unit that acquires height information
about a first subject person and height information about a
second subject person; and an identifying unit that identifies
the first subject person and the second subject person in
accordance with the height information from the acquiring
unit, when the captured image includes at least one of the first
subject person and the second subject person.

Inthis case, the identifying unit may determine a state of at
least one of the first subject person and the second subject
person, in accordance with the height information from the
acquiring unit. Also, the imaging unit may image the heads of
the first subject person and the second subject person. Also,
the imaging unit may perform imaging when at least one of
the first subject person and the second subject person moves
from an imaging area of the imaging unit to a non-imaging
area.

The image determining device may be configured so that
the acquiring unit acquires respective heights of the first sub-
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ject person and the second subject person as the height infor-
mation. Also, the acquiring unit may acquire the height infor-
mation in accordance with a result of the imaging performed
on the first subject person and the second subject person by
the imaging unit. Also, the image determining device may be
configured so that the imaging unit images a structural object,
and based on the imaged structural object, the acquiring unit
acquires the height information about at least one of the first
subject person and the second subject person.

The image determining device of the present invention may
be configured so that the imaging unit simultaneously images
the first subject person and the second subject person. Further,
the image determining device may be configured so that the
imaging unit images the first subject person and the second
subject person when the first subject person and the second
subject person are in the same posture.

Effects of the Invention

According to the present invention, the privacy of a subject
person can be secured, and the state of the subject person can
be determined with a simple structure.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram of an image determining device
1 according to this embodiment;

FIG. 2 is a diagram showing the main parts of the image
determining device 1 of this embodiment;

FIG. 3 is a diagram showing the structure of the imaging
unit 2;

FIG. 4 is a diagram showing changes in the size of the head
in accordance with postures of the subject person;

FIGS.5A and 5B are graphs showing changes in the size of
an image formed by the wide-angle lens system; wherein
FIG. 5A is a graph showing the distance from the front-side
focal point of the wide-angle lens system to the head of the
subject person, and the image size; and FIG. 5B is a graph
formed by converting FIG. 5A into the height from the floor;

FIG. 6 is a graph that shows the rate of change in the image
size based on FIGS. 5A and 5B;

FIG. 7 is a flowchart about a case where the image deter-
mining device is installed in a living room;

FIG. 8 is a diagram illustrating a case where the subject
person is in a walking area in the living room;

FIG. 9 is a diagram illustrating a case where the subject
person is near the closet;

FIG. 10 is a diagram showing a change in the image size of
the head of the subject person imaged in the imaging element
in accordance with positions of the subject person;

FIG. 11 is a flowchart showing operations of the image
determining device;

FIG. 12 is a diagram showing the influence of distortions of
the wide-angle lens system in accordance with anticipated
angles with respect to the subject person;

FIG. 13 is a diagram illustrating a situation where the
subject person is sitting in a chair in front of a desk; and

FIG. 14 is a still image captured when the subject person is
determined to be in an abnormal state.

MODES FOR CARRYING OUT THE INVENTION
First Embodiment

An image determining device of this embodiment can be
placed in a room of a house or office or the like, and a case
where the image determining device is placed in a living room
is described in the following.
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FIG. 1 is a block diagram of the image determining device
1 of this embodiment. FIG. 2 is a diagram showing the main
parts of the image determining device 1. As shown in FIGS. 1
and 2, the image determining device 1 includes: an imaging
unit 2 that performs imaging; a communicating unit 3 that
communicates with another device; an illuminometer 4 that
measures the illuminance in the living room when the imag-
ing unit 2 performs imaging; a LED (Light Emitting Diode) 5
that illuminates a subject person in the living room when the
illuminance measured by the illuminometer 4 is low; a pyro-
electric sensor 6 that determines whether the subject person is
present; a setting unit 7 that configures various kinds of set-
tings in the image determining device 1; an interface unit 8 for
cooperating with a lighting fixture or an electric appliance in
the living room; a microphone 9 that records the voice of the
subject person; and a speaker 10 for speaking to the subject
person. The image determining device 1 also includes: a flash
memory 11 that is a storage medium storing captured images
and position information as to a specific point in the living
room when the subject person is present in the living room;
and a calendar unit 12 that includes a crystal oscillator and a
timer integrated circuit, automatically updates calendar infor-
mation indicating the year, month, day, hour, minute, and
second, and stores plans of the subject person.

The image determining device 1 is also connected to a
lithium-ion cell 13 as a backup power source in case power
from the primary source (a household power source in this
embodiment) is not supplied due to a power failure or the like.
The backup power source is not necessarily a lithium-ion cell.
A household solar power system may be used, or a capacitor
may be used in place of the lithium-ion battery.

A CPU 14 controls the entire image determining device 1,
and is electrically connected to the respective components. It
goes without saying that the CPU 14 and the setting unit 7 are
electrically connected to each other even if the setting unit 7
is a remote controller.

Imaging Unit 2

The imaging unit 2 is placed in the center of the ceiling of
the living room, and mainly captures images of the head of the
subject person. In this embodiment, the height of the ceiling
of the living room is 2.6 m (see FIG. 4).

FIG. 3 is a diagram showing the structure of the imaging
unit 2.

As shown in FIG. 3, the imaging unit 2 includes: a wide-
angle lens system with a three-group structure; a low-pass
filter; an imaging element formed with a CCD or CMOS or
the like; and a circuit board that drives and controls the imag-
ing element. The imaging element of this embodiment is 23.7
mmx15.9 mm in size, and has 4000x3000 (12 millions) pix-
els, with the size of each one pixel being 5.3 um. However, the
size and number are not limited to the above.

The above wide-angle lens system includes: a first group
including two negative meniscus lenses; a second group
including a positive lens, a cemented lens, and an infrared
cutoff filter; and a third group including two cemented lenses.
A diaphragm is provided between the second group and the
third group. The wide-angle lens system of this embodiment
has a focal length of 6.188 mm in the entire system, and has a
maximum view angle of 80 degrees.

The wide-angle lens system is not limited to the above
three-group structure, and it is possible to arbitrarily change
the number of lenses in each group, the lens structure, the
focal length, and the angle of view.

FIGS. 5A and 5B are graphs showing changes in the size of
an image formed by the wide-angle lens system. FIG. SAisa
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graph showing the distance from the front-side focal point of
the wide-angle lens system to the head of the subject person,
and the image size. FIG. 5B is a graph formed by converting
FIG. 5A into the height from the floor.

Where the wide-angle lens system of this embodiment has
a focal length of 6.188 mm as described above, and the
diameter of the head of the subject person is 200 mm, the size
of the head of the subject person imaged in the imaging
element of the imaging unit 2 is 1.238 mm when the distance
from the front-side focal point of the wide-angle lens system
to the position of the head of the subject person is 1000 mm
(when the subject person is standing). When the head of the
subject person is lowered from that position by 300 mm, and
the distance from the front-side focal point of the wide-angle
lens system to the position of the head of the subject person
becomes 1300 mm, the size of the head of the subject person
imaged in the imaging element of the imaging unit 2 becomes
0.952 mm, and there is a 0.286 mm (23.1%) change in the
image size.

Likewise, when the distance from the front-side focal point
of'the wide-angle lens system to the position ofthe head of the
subject person is 2000 mm (when the subject person is in a
semi-crouching position), the size of the head of the subject
person imaged in the imaging element of the imaging unit 2 is
0.619 mm. When the head of the subject person is lowered
from that position by 300 mm, the size of the head of the
subject person imaged in the imaging element of the imaging
unit 2 becomes 0.538 mm, and there is 2 0.081 mm (13.1%)
change in the image size. From that, it is apparent that as the
distance from the front-side focal point of the wide-angle lens
system to the head of the subject person becomes longer, the
change in the image size becomes smaller.

As described above, with the image determining device 1
of this embodiment, the distance from the front-side focal
point of the wide-angle lens system to the subject person is
determined from the size of an image of the head of the
subject person when the size of the head of the subject person
is known. Accordingly, it is possible to determine the posture
of the subject person (standing, semi-crouching, or lying on
the floor) and a change in the posture while maintaining the
privacy of the subject person.

FIG. 6 is a graph that shows the rate of change in the image
size based on FIGS. 5A and 5B, and shows the rate of change
in the size of the image formed by the wide-angle lens system
every time the position of the head of the subject person is
changed by 100 mm.

When the distance from the front-side focal point of the

wide-angle lens system to the position of the head of the
subject person is increased from 1000 mm by 100 mm, the
rate of change in the image size is as high as 9.1%. Therefore,
with the image determining device 1 of this embodiment, two
or more subject persons can be identified from the difference
in height, ifthe height difference is at least approximately 100
mm.
When the distance from the front-side focal point of the
wide-angle lens system to the position of the head of the
subject person is increased from 2000 mm by 100 mm, the
rate of change in the image size becomes as low as 4.8%. With
the image determining device 1 ofthis embodiment, however,
the change in the posture of the subject person can be detected
even if the distance from the front-side focal point of the
wide-angle lens system to the position of the head of the
subject person becomes longer, which will be described later
in detail.

FIGS. 5A, 5B and 6 are graphs showing cases where the
subject person is present in a position at a low angle of view
of the wide-angle lens system (immediately below the wide-
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angle lens system). If the subject person is present in a periph-
eral view-angle position of the wide-angle lens system, there
would be the influence of a distortion depending on the antici-
pated angle with respect to the subject person, which is not
shown in the graphs of FIGS. 5A, 5B and 6. The influence of
a distortion will be described later.

Luminous flux incident on the wide-angle lens system
enters the imaging element via the low-pass filter, and the
circuit board converts the output of the imaging element into
adigital signal. An image processing control unit formed with
an ASIC performs image processing, such as white balance
adjustment, sharpness adjustment, gamma correction, and
gray level correction, on the image signal converted into the
digital signal, and also performs image compression using
JPEG or the like. The still image compressed using JPEG is
recorded on the flash memory 11. To record a video image, the
image signal should be subjected to MPEG processing, and
should be recorded on the flash memory 11.

FIG. 4 is a diagram showing changes in the size of the head
in accordance with postures of the subject person. As shown
in FIG. 4, the imaging unit 2 is attached to the ceiling of the
living room, and captures an image of the position of the head
of'the subject person. When the subject person is standing (the
left side), the size of the head in the image is large. When the
subject person is lying on the floor (the right side), the size of
the head in the image is small. When the subject person is in
a semi-crouching position (the center), the size of the head in
the image is smaller than that imaged when the subject person
is standing, but is larger than that imaged when the subject
person is lying on the floor. In this embodiment, a check is
made to determine whether the subject person is fine, based
on the state of the subject person or the size of the head that
varies in the Z-direction. In this manner, attention is paid to
the size of the head of the subject person that varies in the
Z-direction as described above. Accordingly, the privacy of
the subject person can be protected.

When there is something wrong with the subject person
and the subject person is lying on the floor or the like, a zoom
lens added to the above described wide-angle lens system
continuously captures images of the eye and mouth, so that a
check can be made to determine whether the eye is open based
on pattern matching, whether the eyeball is moving, whether
the mouth is moving, or whether the subject person is breath-
ing based on movement of the mouth.

Further, the high-frequency component is extracted from
the signal supplied from the imaging element, and the lens
position in which the high-frequency component become
largest is detected. In this manner, focus detection is per-
formed, and this is known as contrast AR Contrast AF is also
applied to this embodiment, and part of the wide-angle lens
system may be adjusted to an optimum position.

Normally, the imaging by the imaging unit 2 only involves
capturing 48 still images per day if the imaging is performed
once every 30 minutes. Accordingly, the power supplied to
the image determining device 1 and the recording area in the
flash memory 11 can be saved. Also, in accordance with date
information supplied from the calendar unit 12, the imaging
interval may be varied with the time of day. Specifically, the
imaging interval may be 30 minutes in the daytime, and may
be 20 minutes in the nighttime. If the imaging element is a
CMOS, and an electronic shutter (a rolling shutter) is used,
instead of a mechanical shutter, no noise would be generated
at the time of imaging, and the sleep of the subject person
would not be interrupted.

Also, instead of still images, short video images each last-
ing 3 to 5 seconds may be captured.
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When the CPU 14 detects a problem from a captured
image, the imaging unit 2 captures about a hundred succes-
sive images per minute, or captures about a hundred images at
15-second intervals, in accordance with an instruction from
the CPU 14. The imaging interval may be set by using the
setting unit 7.

The imaging time and ISO sensitivity at the time when the
imaging unit 2 captures still images are determined by the
illuminance detected by the illuminometer 4. When the living
room is dark, the ISO sensitivity should be made higher, and
the imaging time should be prolonged. In a case where the
image determining device 1 is placed in a bedroom, and the
subject person puts out all the lights when asleep, the LED 5
may illuminate the subject person, or the interface unit 8
cooperates with the lighting fixture in the bedroom, to illu-
minate the subject person for a few seconds (approximately 3
seconds) and secure the brightness necessary for imaging.
The pyroelectric sensor 6 checks the position of the subject
person, and the position of the LED 5 is adjusted by a drive
unit (not shown) so as to illuminate the checked position with
illuminating light. In this manner, the subject person can be
efficiently illuminated. The LED 5 may be attached to the
ceiling, or may be placed at any location in the bedroom. A
light source other than a LED may be used. If the lighting
fixture in the bedroom suffices, the LED 5 may not be pro-
vided. As the lighting fixture in the bedroom, a LED lamp
may be used.

Further, captured still images of the subject person are only
required to be clear enough to detect a problem of the subject
person, and therefore, those still images differ from conven-
tional still images for viewing. When imaging is performed in
a dark-lit room, the infrared cutoff filter provided in the wide-
angle lens system may be retracted by a retracting mechanism
(not shown), so as to secure a sufficient amount of light.

Communicating Unit 3

The communicating unit 3 is formed with an antenna, a
transmitter, a receiver, and the like. In this embodiment, the
communicating unit 3 can be placed in a corner of a living
room. The communicating unit 3 reports the occurrence or
non-occurrence of a problem of the subject person to a des-
ignated other device (a portable telephone of a member of the
family of the subject person or a personal computer at a
security company), and receives audio information and the
like from the other device. When there is nothing wrong with
the subject person, the communicating unit 3 transmits a
message indicating no problem, together with date informa-
tion, to the designated other device, but does not transmit any
captured image. In this manner, the privacy of the subject
person can be protected. As will be described later, when
there is something wrong with the subject person, images can
be transmitted under predetermined conditions.

Pyroelectric Sensor 6

The pyroelectric sensor 6 is an infrared sensor. The pyro-
electric sensor 6 detects infrared rays generated from a per-
son, and outputs the detection result to the CPU 14. In this
embodiment, the pyroelectric sensor 6 is placed so as to detect
infrared rays via the wide-angle lens system. Pyroelectric
sensors 6 may be provided in the living room.

Upon detecting the subject person entering the living room
based on the output of the pyroelectric sensor 6, the CPU 14
instructs the imaging unit 2 to perform imaging, and may
cause the imaging unit 2 to perform imaging thereafter at
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30-minute intervals. If the subject person moves out of the
living room and returns a few minutes later, there is no need
to reset the time counter.

Upon detecting absence of the subject person from the
living room based on the output of the pyroelectric sensor 6,
the CPU 14 controls the imaging unit 2 not to perform imag-
ing even at a scheduled time for imaging. In a case where the
subject person does not enter the living room (and is not
present in any other room) for a few days, and there is not a
reported plan of absence from home in the schedule stored in
the calendar unit 12, the CPU 14 reports the absence of the
subject person and a possibility of a problem to the designated
other device via the communicating unit 3.

Calendar Unit 12

As described above, the calendar unit 12 automatically
updates calendar information indicating the year, month, day,
hour, minute, and second, and stores plans of the subject
person. A plan of the subject person may be input through the
setting unit 7, or a date (duration) and destination may be
input through the microphone 9. In that case, the calendar unit
12 is equipped with a voice recognition function. However,
only a simple phonetic dictionary for dates and destinations
and the like needs to be prepared, and accordingly, the system
does not become larger. A plan may be voice-input through
the microphone 9, in response to an inquiry (as to when and
where) from the speaker 10.

The calendar unit 12 notifies the subject person of the next
day’s plan via the speaker 10 at night, and again notifies the
next morning.

In accordance with a plan that is input to the calendar unit
12, the CPU 14 may set an alarm clock or display the plan on
a television screen via the interface unit 8. Also, where a
request to watch a television program is input, the CPU 14
may cause the television set to be be automatically turned on
or cause the requested program to be recorded.

Calibration

FIG. 7 is a flowchart about a case where the image deter-
mining device of this embodiment is installed in a living
room. In the following, the installation of the image deter-
mining device is described, with reference to the flowchart of
FIG. 7.

In step 1, a communication device to which presence or
absence of a problem of the subject person is to be reported is
designated. Here, a mobile device such as a portable tele-
phone or a personal computer of a family member, a personal
computer of a security company, or the like can be designated.
Also, privacy levels of the family member and a security
company can be set. For example, in a case where the privacy
level of the family member may be lowered, transfers of
images captured when a problem occurs are allowed, or the
later described mask processing can be cancelled or can be
given a lower mask processing level. In a case where the
privacy level of a security company is made higher than that
of a family member, transfers of images captured when a
problem occurs can be prohibited, and only transfers of
images masked through the later described mask processing
can be allowed.

Based on the designation made in step 1, the CPU 14
reports presence or absence of a problem of the subject person
to the designated device via the communicating unit 3.

In step 2, a connection device such as a television set, an
audio device, or a clock is designated. Specifically, a wired or
wireless connection with a television set is made via the
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interface unit 8, for example, so that the activity schedule
stored in the calendarunit 12 is displayed on the television set,
the television set is turned on a date and a time designated in
the calendar unit 12, or a requested program is recorded.
Likewise, an audio device is turned on or an alarm clock is
started on a date and a time stored in the calendar unit 12.

In step 3, the CPU 14 stores the relationship between a
typical position in the living room and the position of the head
of the subject person into the flash memory 11.

FIG. 8 is a diagram illustrating a case where the subject
person is in a walking area in the living room (in an area where
sofas, tables, chairs, and the like are not placed in the X-di-
rection and the Y-direction).

The CPU 14 captures an image of the head of the subject
person with the imaging unit 2 when the subject person is
standing in the living room as shown in FIG. 8, for example.
The CPU 14 associates the position of the head in the Z-di-
rection with the size of the head in the Z-direction when the
subject person is standing, and stores the relationship into the
flash memory 11. At this point, the CPU 14 also recognizes a
position in the X-direction and the Y-direction in which the
subject person is likely to stand in the living room. Specifi-
cally, the CPU 14 recognizes a position in which sofas, tables,
chairs, and the like are not placed. Further, in addition to the
size of the head of the subject person in the Z-direction, the
CPU 14 may estimate, from the captured image, the size of
the head in a region between a position Z1 slightly higher than
the position of the head of the subject person and a position 7.2
slightly lower than the position of the head of the subject
person. The CPU 14 may store the estimated size of the head.
In this manner, the allowable range of the size of the head
when the subject person is in a normal state can be set.

FIG. 9 is a diagram illustrating a case where the subject
person is near the closet.

When the subject person is near the closet, the subject
person is considered to be standing or in a crouching position.
Therefore, the CPU 14 captures an image of the head of the
subject person in a crouching position with the imaging unit
2, as shown in FIG. 9. The CPU 14 then associates the posi-
tion with the size at a height Z3, and stores the relationship
into the flash memory 11. The CPU 14 also sets sizes of the
head in a region between the heights Z1 and Z2 as the allow-
able range in an area near the closet. When the size of the head
of'the subject person is equal to or smaller than the size at the
height Z3 over a long period of time even though the size is
within the allowable range between the heights Z1 and 72,
there is a possibility that a problem has occurred in the subject
person. In such a case, the CPU 14 continuously captures
images of the head. Based on pattern matching, the CPU 14
determines that the subject person is in a normal state when
the head is moving, but talks to the subject person through the
speaker 10 when the head is not moving.

FIG. 10 is a diagram showing a change in the size of the
head of the subject person imaged in the imaging element in
accordance with positions of the subject person. Here, the
center of the imaging element matches the center of the opti-
cal axis of the wide-angle lens system.

Even in a case where the subject person is standing in the
living room as shown in F1G. 8, the size of the head imaged by
the imaging unit 2 varies between when the subject person is
standing near the door and when the subject person is stand-
ing immediately below the imaging unit 2.

As shown in FIG. 10, the image size, the distance L1 from
the center of the imaging element, and the angle 61 with
respect to the center of the imaging element are determined
from an image formed at P1 in the imaging element. The
distance [.1 from the center of the imaging element is a
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parameter representing the distance between the front-side
focal point of the wide-angle lens system and the head of the
subject person. The angle 61 with respect to the center of the
imaging element is a parameter representing the anticipated
angle of the wide-angle lens system with respect to the subject
person. As described above, even where the subject person is
in the same posture, the size of the image formed at P1 in the
imaging element and the size of the image formed at P2 in the
imaging element are different from each other. Therefore, the
CPU 14 corrects the sizes of the captured images, based on the
distances [.1 and .2 from the center of the imaging element,
and the angles 61 and 62 with respect to the center of the
imaging element. In other words, where the subject person is
in the same posture, a correction is performed so that the size
of'the image formed at P1 in the imaging element and the size
of the image formed at P2 in the imaging element become
substantially equal to each other. The parameters related to
the correction are also stored into the flash memory 11. In the
above description, the position of the subject person is
detected based on the position of an image formed in the
imaging element. Instead, the distance between the imaging
unit 2 and the subject person may be detected by emitting
light toward the subject person and receiving the light
reflected from the subject person.

As described above, the image determining device 1 of this
embodiment can detect the positional relationship between
the imaging unit 2 and the subject person (the distance to the
subject person and the anticipated angle with respect to the
subject person). Accordingly, the posture of the subject per-
son can be accurately detected, no matter which part of the
living room the subject person is in.

In a ease where there are two or more subject persons, the
heights and the head sizes vary. Therefore, head sizes of each
subject person in accordance with positions of the head in the
Z-direction, and the position information in the X- and Y-di-
rections are stored into the flash memory 11. In that case,
images of the subject persons may be simultaneously cap-
tured by the imaging unit 2, or may be captured separately
from one another.

Further, the heights and the head sizes (the diameters of the
heads) of the subject persons may be input through the setting
unit 7, and be stored into the flash memory 11. When a first
subject person enters the living room through the door, and
the head of the first subject person is imaged by the imaging
unit 2, for example, the CPU 14 can recognize the first subject
person entering the living room based on the size of the
captured image and the height information stored in the flash
memory 11, as the heights and the head sizes of the subject
persons are stored in the flash memory 11. In this manner, the
heights of two or more subject persons are stored into the flash
memory 11, so that the subject persons can be identified based
on the height differences even though there are no differences
in the head size, while the privacy of the subject persons is
maintained.

However, when the subject persons are in semi-crouching
positions or are lying on the floor, there are no substantial
differences in height, and the subject persons cannot be iden-
tified. Even in such a situation, one of particularly serious
problems occurs when one of the subject persons is left in the
living room.

If images of subject persons leaving the living room are
captured near the door, the CPU 14 can determine which ones
have left the living room and which one remains in the living
room, using the output of the pyroelectric sensor 6. In this
manner, the imaging unit 2 of this embodiment captures
images of subject persons before the subject persons move
out of the imaging area of the imaging unit 2, so that not only
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presence or absence of a person in the living room but also
which one remains in the living room can be determined.

Also, a template image of a subject person (an image of the
head of the subject person captured by the imaging unit 2)
may be stored into the flash memory 11, and template match-
ing may be performed, to identify the subject person who is
lying on the floor.

When a subject person enters the living room, an image of
the subject person standing immediately below the imaging
unit 2 is captured, so that the subject person can be accurately
identified based on the height.

Instead of inputting the height and the head size of a subject
person, images of a structural object (such as the door) in the
living room and the subject person may be captured, and, if
the size of the structural object (the height of the door being 2
m, the width being 1 m, for example) is known, the height and
the head size of the object may be estimated from the struc-
tural object. In this case, the size of the structural object
should be recorded on the flash memory 11, and the imaging
unit 2 preferably captures an image of each person in the same
posture (a standing posture).

In a case where a subject person is a child, the height and
the head size increase. Therefore, a reference still image of
the child should be taken once a year, for example. When the
layout of the room is changed, the relationship between head
sizes corresponding to positions of the head of each subject
person in the Z-direction and the position information in the
X- and Y-directions should be updated.

Further, based on the output of the pyroelectric sensor 6,
the CPU 14 stores the times of the day at which the subject
person spends time in the living room on weekdays and
holidays are stored into the flash memory 1.

In step 4, masking is performed on the captured image. If
the subject person does not request the masking, this step may
be skipped. The masking is performed by lowering the reso-
Iution of the entire captured image, or adding a mosaic pattern
to the parts other than the head or lowering the resolution of
the parts other than the head, or detecting the flesh-colored
portions from the captured image and adding a mosaic pattern
to the flesh-colored portions or lowering the resolution of the
flesh-colored portions, for example.

In step 5, the settings, such as the time intervals at which an
image is captured, and the volume of sound from the speaker
10, are checked. When sound is emitted from the speaker 10
or the voice of the subject person is collected by the micro-
phone 9, the CPU 14 controls the interface unit 8 to lower the
volume of sound emitted from the television set and the audio
device.

Operation Flowchart

FIG. 11 is a flowchart showing operations of the image
determining device of this embodiment. In the following, the
explanation is continued with reference to this flowchart.

Based on the output of the pyroelectric sensor 6, the CPU
14 determines whether the subject person is present in the
living room (step 1). If the subject person is present in the
living room, the CPU 14 moves on to step 2. If the subject
person is not present in the living room, the CPU 14 repeats
step 1.

The CPU 14 controls the calendar unit 12, to start the
timing (step 2). Step 2 is the step for setting the intervals at
which a still image is captured when the subject person is in
a normal state, in conjunction with step 8, which will be
described later.

The CPU 14 determines whether the number of times a still
image has been captured is a predetermined number of times
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(step 3). Step 3 is the step for taking measures to plot the next
move when the state of the subject person cannot be deter-
mined even after continuous still images of the subject person
are captured in a case where it is difficult to determine the
state of the subject person as described later. In this embodi-
ment, the predetermined number of times a still image is to be
captured is 300 to 500, for example, and the imaging time is
approximately 3 to 5 minutes.

The CPU 14 checks the position of the subject person,
based on the output of the imaging element of the imaging
unit 2 (step 4). This is to correct for the influence of an
aberration of the wide-angle lens system in accordance with
the position of the subject person. In the following, the influ-
ence of an aberration of the wide-angle lens system is
described.

As described above, the wide-angle lens system of this
embodiment is designed to have a view angle of 80 degrees,
and a focal length of 6.188 mm. Therefore, where the height
of'the ceiling of the living room is 2.6 m, and the height of the
subject person is 1.6 m, a circle (approximately 100 m?)
having a radius of 5.67 in from a point immediately below the
wide-angle lens system is the imaging area of the imaging
unit 2. Accordingly, as long as the room is a standard-sized
room, the head of the subject person can be imaged by the
wide-angle lens system of this embodiment, no matter which
part of the room the subject person is in.

When the subject person is present almost immediately
below the wide-angle lens system (when the angle of view is
low), the image size of the head of the subject person is
proportional to ftan 6 (f being the focal length). Therefore,
the relationship between the height of the head from the floor
and the size (the diameter) of the image is as shown in FIG.
5B. The change in the image when the height of the head is
changed by 300 mm, from 400 mm from the floor to 100 mm
from the floor, is 68 pm, which is equivalent to approximately
12 pixels. Accordingly, when the subject person is present
almost immediately below the wide-angle lens system, the
image determining device 1 of this embodiment can detect a
300-mm change in the height of the head of the subject
person.

Next, a case where the subject person is in an intermediate
view-angle position (at a view angle of approximately 70
degrees) is described. FIG. 12 is a graph showing the rela-
tionship between the view angle of the wide-angle lens sys-
tem and the distortion. As shown in the graph, the distortion
becomes larger as the angle of view becomes larger. At a view
angle of 70 degrees, there is influence of a distortion of
approximately —50%. Therefore, even if the distances from
the front-side focal point of the wide-angle lens system are the
same, the image size at a view angle of approximately 70
degrees is almost a half of the image size obtained when the
subject person is present almost immediately below the wide-
angle lens system. However, the change in the image size
caused when the height of the head of the subject person is
changed by 300 mm at a view angle of approximately 70
degrees is almost equivalent to 6 pixels. Therefore, the image
determining device 1 of this embodiment can detect a 300-
mm change in the height of the head of the subject person
even at a view angle of approximately 70 degrees. Inthis case,
the image determining device 1 detects the head of the subject
person obliquely from above. Therefore, the size of the head
may be corrected by taking into account the horizontal-to-
vertical ratio of the head in accordance with the anticipated
angle with respect to the wide-angle lens system.

Lastly, a case where the subject person is in an outermost
peripheral view-angle position (at a view angle of approxi-
mately 80 degrees) is described. As shown in FIG. 12, at a



US 9,047,751 B2

13

view angle of approximately 80 degrees, there is influence of
a distortion of approximately —80%, and the magnification is
almost 20% of the magnification at the center view angle.
Further, the distance from the front-side focal point of the
wide-angle lens system to the head of the subject person is
longer than the distance observed when the subject person is
present at the center view angle. Therefore, a change in the
image size in a case where the height of the head is changed
becomes smaller. Specifically, in a case where the subject
person is present at a view angle of approximately 80 degrees,
the change in the image size caused when the height of the
head is changed by 300 mm is almost equivalent to one pixel.
Therefore, it is difficult for the image determining unit 1 of
this embodiment to detect a 300-mm change in the height of
the head of the subject person at a view angle of approxi-
mately 80 degrees. However, even if the room is a living
room, an outermost peripheral view-angle position of the
wide-angle lens system is a corner of the room, and there are
structural objects each having a known size, such as a window
and a door. In view of this, images of the window and the door
in corners of the room are captured in this embodiment, and
positions of the head of the subject person are associated with
the positions of the structural objects such as the window and
the door, so that a change in the position of the head of the
subject person can be detected even in an outermost periph-
eral view-angle position of the wide-angle lens system.

If two or more wide-angle lens systems are provided, the
accuracy of detection performed when the subject person is
present in a corner of the room can be made higher, and it is
possible to cope with a larger living room.

In a case where the number of times imaging has been
performed is 300 to 500, which has been determined in step 3,
a still image is captured in step 5, and the amount of image
characteristics is calculated in step 6. Specifically, the size of
the head in the Z-direction is associated with the X- and
Y-directions, and is calculated from the captured still image.

The CPU 14 determines whether the state of the subject
person can be determined from the position of the subject
person in the X- and Y-directions and the calculated head size
(step 7).

FIG. 13 is a diagram illustrating a situation where the
subject person is sitting in a chair in front of a desk. As shown
in FIG. 13, when the subject person is sitting in a chair, the
size of the head is not much different from that in a case where
the subject person is having a problem and leaning against the
chair or is sleeping at the desk. In such a case, it is difficult to
determine whether the subject person is in a normal state or in
anabnormal state. As described above, the image determining
device 1 can recognize an approximately 100-mm difference
in height. However, when the anticipated angle of the wide-
angle lens system with respect to the subject person is large,
or when the subject person is sitting in a chair, the distance
from the wide-angle lens system becomes longer, and there-
fore, step 7 is provided.

In such a case, the CPU 14 determines that a check cannot
be made to determine whether the subject person is in a
normal state, and returns to step 3. A still image is then
captured several hundred times in several minutes as
described above, and attention is paid to the head of the
subject person as indicated by the dotted-line circles. A check
is then made to determine whether the head is moving.

Ifthe CPU 14 determines that the state of the subject person
can be determined after the predetermined number of imag-
ing operations, the CPU 14 determines the state of the subject
person in step 8.

If the CPU 14 determines that the subject person is in a
normal state, the CPU 14 stands by until a predetermined
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period of time (15 minutes since the start of the timing, for
example) passes in step 9. After that, the CPU 14 returns to
step 1. Even when the subject person is in a normal state, the
CPU 14 notifies the designated device that there is no prob-
lem, at intervals (at 8-hour intervals; 7 am, 3 pm, and 11 pm,
for example) set in the setting unit 7.

If the CPU 14 determines that the subject person is in an
abnormal state, the CPU 14 moves on to step 10.

FIG. 14 shows a still image captured when the subject
person is determined to be in an abnormal state. As shown in
FIG. 14, even though the subject person is in the walking area
of'the living room in the X- and Y-directions, the height of the
head of the subject person is lower than Z2 and is on the floor
of the living room. In this case, the size of the head of the
subject person is much smaller than the size of the head in the
walking area, and therefore, the CPU 14 determines that there
is something wrong with the subject person.

In step 10, the CPU 14 notifies the designated device that
the subject person is in an abnormal state.

The CPU 14 determines whether there is a request for an
image from a portable telephone or a personal computer of a
family member with a low privacy level that is set in advance
(step 11). If there is a request for an image, an image is
transferred in step 12, and an instruction from the designated
device is awaited (step 13). Even in transferring an image in
step 12, the CPU 14 prohibits a transfer of any still image
captured while the subject person is determined to be in a
normal state, and transfers an image captured when the sub-
ject person is determined to be in an abnormal state. In this
manner, the privacy of the subject person is secured.

Ifthere is not a request for an image, the CPU 14 moves on
to step 13, and awaits an instruction from the designated
device. When the image determining device of this embodi-
ment transfers an image, either a still image or a video image
can be transferred.

Meanwhile, if the CPU 14 determines, in step 3, that the
number of imaging operations performed exceeds the prede-
termined number, the CPU 14 moves on to step 14. The CPU
14 then uses the speaker 10, to talk to the subject person, “Are
you all right?” or “How are you feeling?.” At this point, the
CPU 14 controls the interface unit 8 to lower the volume of
the sound source device such as an audio device (or to mute
the audio).

The CPU 10 collects the voice of the subject person via the
microphone 9 (step 15), and uses an audio dictionary (not
shown) to carry out an audio analysis (step 16). In this case,
the phrases the subject person would use are limited to rather
typical ones, such as “I'm all right,” “What?,” “I feel ill,” and
“Help me.” Therefore, the audio dictionary does not become
large (complicated), and there is no need to carry out a sophis-
ticated audio analysis such as breaking down a conversation
into individual words.

The speaker 10 and the microphone 9 are directed toward
the position of the subject person by a drive unit (not shown)
such as a stepping motor, so that the inquiry through the
speaker 10 and the voice collection by the microphone 9 can
be efficiently conducted.

Ifthe CPU 14 recognizes a phrase indicating a normal state
from the subject person, the CPU 14 returns to step 1. If there
is a phrase indicating an abnormal state from the subject
person or there is no response from the subject person, the
CPU 14 determines that the subject person is in an abnormal
state, and moves on to step 10 (step 17).

Prior to the notification of an abnormal state in step 10, an
inquiry through the microphone 9 may be made as shown in
step 14. In this manner, a more specific notification indicating
not only that the subject person is having a problem but also
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that the subject person is having a headache or is unable to
speak or the like can be sent to the designated device.

Modification

In the above described embodiment, the imaging unit 2 is
attached to the ceiling, and images of the head of a subject
person are captured from above. However, the imaging unit 2
may be installed in a living room or a bedroom so that images
of a subject person can be captured from the side. By captur-
ing images of the subject person from the side, movement of
the eyes, the mouth, the nose, and the like can be easily
determined. Further, still images captured by the imaging unit
2 attached to the ceiling and still images of the subject person
captured from the side can be used at the same time in deter-
mining whether the subject person is in a normal state. In this
manner, determination with higher precision can be per-
formed.

Also, in the above described embodiment, a check is made
to determine whether the subject person is present in a living
room by the pyroelectric sensor 6. However, the intervals at
which the imaging unit 2 performs imaging may be short-
ened, and, based on the results of the imaging, a check may be
made to determine whether the subject person is present in the
living room. In this case, the pyroelectric sensor 6 may not be
provided.

In the above described embodiment, the image determin-
ing device of this embodiment is installed in a living room or
a bedroom. However, the image determining device may of
course be installed in a hallway, a restroom, a bathroom, or the
like, and can also be used in an office or a school.

While the exemplary embodiments of the present invention
have been illustrated in detail, the present invention is not
limited to the above-mentioned embodiments, and other
embodiments, variations and modifications may be made
without departing from the scope of the present invention.

The invention claimed is:

1. An image determining device comprising:

an imaging unit that captures an image from a first direc-
tion, the image including a subject person;

afirst detector that detects size information from the image,
the size information being about the subject person in
the first direction;

a second detector that is a relative position detector, the
second detector detecting a relative position between the
imaging unit and the subject person;

a correcting unit that corrects the size information about
the subject person detected by the first detector, in accor-
dance with a result of the detection performed by the
second detector; and

a determining unit that determines a state of the subject
person based on the size information of the subject per-
son that is corrected by the correcting unit.

2. The image determining device of claim 1, wherein the
second detector detects position information with respectto a
second direction, the second direction being different from
the first direction.

3. The image determining device of claim 2, wherein the
second detector detects position information about the sub-
jectperson or a location near the subject person in the second
direction.

4. The image determining device of claim 2, wherein

the first detector detects a size of a head of the subject
person, and
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the determining unit determines the state of the subject
person by associating the second-direction position
information with the size of the head of the subject
person.

5. The image determining device of claim 2, further com-
prising a storage unit that stores a reference value for the size
information, in accordance with the second-direction posi-
tion information.

6. The image determining device of claim 1, wherein the
first detector detects a size of a head of the subject person.

7. The image determining device of claim 1, wherein the
determining unit determines the state of the subject person,
based on a plurality of images captured at different times.

8. The image determining device of claim 1, wherein the
imaging unit images the subject person at first predetermined
intervals, and, in accordance with a result of the determina-
tion made by the determining unit, images the subject person
at second predetermined intervals, the second predetermined
intervals being shorter than the first predetermined intervals.

9. The image determining device of claim 1, wherein the
imaging unit captures a still image.

10. The image determining device of claim 1, further com-
prising a determining sensor that determines whether the
subject person exists.

11. The image determining device of claim 10, wherein the
imaging unit performs the imaging in accordance with a
result of the determination made by the determining sensor.

12. The image determining device of claim 1, further com-
prising a communicating unit that communicates with
another device.

13. The image determining device of claim 12, wherein,
when the communicating unit sends a result of the determi-
nation on the subject person to the another device, the deter-
mining unit prohibits at least sending of the image captured at
first predetermined intervals.

14. The image determining device of claim 13, wherein the
determining unit determines whether to allow sending of the
image captured at second predetermined intervals, the second
predetermined intervals being shorter than the first predeter-
mined intervals.

15. The image determining device of claim 1, further com-
prising a second power source that is different from a first
power source supplying power to the imaging unit.

16. The image determining device of claim 1, wherein

the imaging unit includes an optical system, and

the relative position detector detects information about a

relative position between the optical system and the
subject person.

17. The image determining device of claim 1, wherein the
second detector detects an anticipated angle of an optical
system with respect to the subject person.

18. The image determining device of claim 1, wherein

the imaging unit includes an imaging element, and

the second detector detects the information about the rela-

tive position between the imaging unit and the subject
person, based on a position of an image of the subject
person captured by the imaging element.

19. The image determining device of claim 1, wherein

the imaging unit images a structural object and the subject

person, and

based on the imaged structural object and the imaged sub-

ject person, the determining unit determines the state of
the subject person.

20. An image detector comprising:

an imaging unit having an optical system to capture an

image of a subject person from a first direction;
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a size detector that detects size information of the subject

person using the image in the first direction;

an angle detector that detects angle information between

the optical system and the subject person;

a corrector that corrects the size information of the subject

person using a detection result of the angle detector; and

a determining unit that determines a state of the subject

person in accordance with the size information of the
subject person that is corrected by the corrector.

21. The image detector of claim 20, wherein the optical
system is located above the subject person.

22. The image detector of claim 20, wherein the size detec-
tor detects a size of a head of the subject person.

23. The image detector of claim 20, wherein the corrector
corrects an aberration of the optical system.

24. The image detector of claim 20, further comprising an
interface unit that cooperates with an electric appliance in a
room.

25. The image detector of claim 24, further comprising a
communicating unit that communicates with an external
device.
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